In the 1st experiment, the utilization of diammonium citrate (DAC) as a non-essential nitrogen source was studied in comparison with glutamic acid. Adult rats fed the amino acid diet containing DAC in place of glutamic acid as a nonessential amino acid maintained their body weights and had nitrogen balances almost equal to those of rats on the glutamic acid containing diets.
In the 1st experiment, the utilization of diammonium citrate (DAC) as a non-essential nitrogen source was studied in comparison with glutamic acid. Adult rats fed the amino acid diet containing DAC in place of glutamic acid as a nonessential amino acid maintained their body weights and had nitrogen balances almost equal to those of rats on the glutamic acid containing diets.
In the 2nd experiment, DAC-15N was orally administered after the rats were fed the DAC diet for a month, and the distribution of15N in the rats bodies and excreta was examined at the 6th, 12th, 24th and 48th hr after administration.
At the 6th hr, 85% of15N intake was retained and 60% of15N intake was found as protein-15N. At the 48th hr, retained15N was 83% and protein-15N increased 5% above that at the 6th hr. The15N concentration of non-protein fractions was higher and changed more rapidly than that of protein fractions, especially in the blood, liver and small intestine . These results seem to indicate that DAC was utilized by rats fed a diet, in which nonessential amino acids were completely replaced by DAC. Gastrointestinal microbes might hardly play any role in the utilization of dietary non-protein nitrogen under these experimental conditions. acceptors was too slow to supply enough a-keto-glutaric acid (a-KG) which was needed for the synthesis of amino acids. However, the utilization of ammonium salt was not improved even when ammonium salts and a-KG were supplied.18) The purpose of this study was to know the direct evidence to change ammonia in the diet to body proteins and their distributions, and to study the possibility of utilization of nonspecific nitrogen.
DAC was chosen as the typical non-specific nitrogens, because it permitted best growth in young rats on nonspecific nitrogens.13,15,16) Firstly, changes of body weight and nitrogen balance of rats fed the diet which contained DAC as a nonessential nitrogen source were investigated. Secondly, distributions of DAC-15N in organs and tissues were determined over the course of time to find out the extent of the contiribution of DAC-N in body protein synthesis.
MATERIALS AND METHODS
Expt. 1.
To study the effect of DAC on nitrogen balance of rats, the rats were fed a diet containing * Azabu Veterinary College, Fuchinobe, Sagamihara-shi, Japan. DAC and an essential amino acid mixture. Male rats of the Donryu strain weighing 367 g to 490 g were prefed the stock diet, which contained 23.7% crude protein, and then 14 rats were divided into 4 groups. The 1st group of 3 rats was fed diet A containing 4.5 % amino acids, and the 2nd group of 3 rats diet B, in which Glu-N was isonitrogenously replaced by DAC. The 3rd group of rats was fed diet C containing 6.5 amino acids and the 4th group of 4 rats diet D, iso nitrogenously replaced by DAC in the same manner as in diet B. Table I shows the composition of the diets used. These four diets was calculated to have 4.04 Kcal/g. Each rat was housed in an individual metabolism cage in a room in which the temperature (22-3°C) and humidity (60±10%) were controlled, and was supplied diet at a daily rate of 18.2 g (16.0 g on a dry matter basis) at 5 p.m. and water ad libitum. Body weight was recorded every two days. Urine and feces were collected every day at 10 a.m. and mixed every 2 days, and nitrogen of mixed samples was determined by the semimicro Kjeldahl method.
Expt. 2. To study the utilization of DAC by rats, DAC-15N was dosed and its distribution was determined in the course of time. Eight adult male rats were fed diet D for 30 days, and then they were fed the 15N-labeled diet, the composition of which was the same as that of diet D but the DAC in which was labeled by 16N (DAC-15N of the diet, 30 atom % excess). Every 2 animals were sacrificed by anesthesia with ether and bloodletting at 6, 12, 24 and 48 hr after one dose. Two rats, which were killed at the 48th hr, were fed diet D (non-labeled) 24 hr after feeding the labeled diet. The DAC-15N diet contained 14.6 atom % excess 15N, and therefore 14.6mg15N per head was administered.
1% chromic oxide was added to the diet to study the passage of diet through the diges tive tract. Figure 1 shows the N-balance of rats fed the DAC and the Glu diets . At the level of 4.5 % amino acids, average N-balance (negative balance) on the Glu diet (A) was higher than that on the DAC diet (B). However , each value of the latter was within the maximum and minimum limits of the former. At the level of 6.5% amino acid, average N-balance (D) died 7 days after the start of the experi ment. Its body weight and N-equilibrium were not maintained but no distinct lesion was found in the post-mortem examination. The rats fed the DAC diet (D) gained a little more than those fed the Glu diet, but there was no difference in N-balance between the two.
The present finding indicates that DAC-N as well as Glu-N by adult rats was utilized when they were supplied non-specific nitrogen in diets at the maintenance level.
Results in Expt. 2 are summarized in Tables  II to VI and Figs. 3 to 6. Total 15N re covered was 96 to 109% of the intake in all cases. The amount of total N in the PN fractions of skin and carcass was rather large but 15N concentration in these fractions was so low that a major error in total calculated 15N-contents was caused by these fractions. Figure 3 shows the time course of 15N retained in the body. 85 % of 15N intake had already been incorporated and 73% of this was found as protein-15N at the 6th hr. At the 48 th hr, 82% of 15N intake was retained and retained 15N showed hardly any decrease until this time. Therefore, it is concluded that DAC-N was highly retained and remained stable. In NPN fractions, 15N retained was •
15N excreted in urine and feces .
• 15N was retained almost unchanged during 48 hr (Tables II to V) . Figure 4 shows the distribution of 15N in each part of body and excreta. The percent age of 15N in the viscera in respect to 15N in skin and carcass was 23 to 33% and that of viscera-N in respect to skin and carcass-N was about 12%. Therefore, the rate of 15N incorporation into the viscera was about twice as high as that into the carcass at least until the 48th hr. The peak of 15N incorpora tion in the viscera appeared at the 24th hr and at that time, the ratio of 15N into the PN fraction to 15N into the NPN fraction was larger than that at the 6th hr (Tables II and  IV ) Figure 5 shows the time course of 15N concentration in the viscera, skin and carcass. High 15N concentration was found in the kidneys, blood, liver and small intestine, but 15N concentration in skin , carcass and other viscera was relatively low. The peaks of 15N concentration in NPN fractions of liver and kidney were assumed to be found before the 6th hr and those of blood, small intestine and rectum and colon appeared at about the 12th hr. Maxmal 15N concentration in PN frac tions of liver and small intestine (0.33 atom % excess) appeared at the 24th hr, and this value was the highest for 15N concentration in other PN fractions. The 15N concentration in PN fraction of liver was 0.15 atom% excess and that of small intestine was 0.045 atom% excess, so the half life of liver protein 15N was estimated to be about 24 hr and that of small intestine 15N was shorter than that of liver protein. NPN-15N concentration in blood varied widely and rapidly and its half life was estimated to be 11.5hr, but the amount of NPN in the blood was very slight. 15N concentration in the PN fraction of the blood was as low as in skin and carcass, in which 15N concentration was low in both NPN and PN fractions. 15N was incorporated into both NPN and PN Table VI shows the percentage of Cr2O3 in the digestive tract and feces in respect to Cr2O3 intake. 38% of intake was excreted during 24hr, and 90% was excreted by the 48th hr. Only 7% of Cr2O3 intake was found in the stomach and small intestine at the 24th hr, therefore most of the ingesta might have passed through the intestine or been absorbed until the 24th hr. and 12th hr (Table II to V) . Since 59% of Cr2O3 intake was found in the stomach at the 6th hr, about half of the intake was thought to remain in the stomach, whereas the amount of N decreased to 29% of N intake and that of 15N to 11% of 15N intake . From these results it can be pointed out that DAC-N was either removed or absorbed from the stomach more rapidly than the other components of the diet. At the 6th hr, PN and PN-15N were detected in the stomach. They could be derived from any digestive fluid and 15N-containing feces of rats coprophaged, because the diet contained no proteins. In the small intestine and cecum, the peaks of 15N concentra tion were found at the 12th hr. From the fact that 2 to 3% of Cr2O3 intake remained through out the digestive tract at the 48th hr co prophaged feces were prosumed, if any, to be less than 2 to 3% of total N intake. Therefore, it is unlikely that microbial activities in the digestive tract would contribute to NPN utilization.
The apparent digestibilities of 15N, NPN and N calculated from Table IV were 99, 89 and 74%, respectively.
DISCUSSION
From the data in Expt. 1, it is obvious that DAC orally administered to adult rats was utilized as effectively as a non-essential amino acid (Glu) when rats were supplied dietary nitrogen at the maintenance level. This result support the previous reports that amino acid diets containing ammonium salt in place of a non-essential amino acid showed the same effect on growth of growing rats13,15) and on young adult rats. 16) These results indicate a possibility that ammonium salt-N supplied to monogastric animals could be incorporated into a-amino-N and then used for the synthesis of protein-N by the same pathway as non-essential amino acids. There is another possibility that am monium salt-N might be excreted rapidly and selectively, but apparently utilized because of decrement of the body protein turnover and/or In Expt. 2, DAC-15N was hardly excreted in feces and 15% of 15N intake was found in urine for 2 days. During the same period, 83% of DAC-15N intake was retained, most of it existing as protein-N. Thus, it is concluded that DAC was not merely transported through the intestinal wall but also utilized as a nitrogen source for body protein synthesis.
The incorporation of DAC-15N into the viscera skin and carcass when feeding DAC is thought to be similar to that when feeding protein.22) Sprinson et al. 23 ) reported that ammonium salt-15N injected subcutaneously changes to a-amino-N and its 15N pattern of amino acids is similar to that when Glu-15N is injected subcutaneously. These facts support the conclusion that the DAC diet was utilized at almost the same efficiency as the normal diet without ammonium salts. However, in our experiment half life in some parts of rats' bodies was shorter than that reported by Tompson et al.24) and Buchanan.26) This difference might be due to the use of a dif ferent isotope, and partly to a different administration period of the isotope, but on the other hand, the presence of proteins with more rapid turnover may also be assumed. One of the problems in the future is to know when and where ammonium salt-N is changed to amino acid-N in monogastric animals and whether ammonium salt can be utilized practi cally.
One of rats fed the DAC diet in our experi ment died, and the same observation has been reported by Ichihara et al. 17 The reason for this is not obvious yet, but these rats might not be able to adapt to a diet with such a high level of ammonium.
